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SUMMARY

This engineering report covers the design, construction, and testing of a
pilot model of a beach discharge lighter. The item was developed to fulfill
a requirement for a shallow-draft, self-propelled lighter to transport large
quantities of mobile and/or outsized equipment to a beach for resupply in
ship-to-shore operations. The lighter was to have a capacity far surpassing
that of existing available craft, to be capable of loading and discharging on a
beach by means of a ramp, to be highly maneuverable, and to be capable of
rapid retraction from a beach. The ultimate objective of the project was to
type classify the item for the Transportation Corps Marine Fleet.

The project included the testing of a 25-foot model to determine the feasibil-
ity of a vessel of the type proposed. It also included the development of four
concepts of vessel design and propulsion, the evaluation of the concepts, and
a self-propelled test-model test of the selected design concept, The prob-
lem of integrating the lighter with roll-on/roll-off ocean vessels was studied
during the model testing by estimating the motion of the vessels and the
forces involved. Mooring arrangements and devices were developed.

The testing started with the acceptance trials at San Diego, California. The
vessel's behavior at sea and operational characteristics in congested harbors
were determined on its voyage from San Diego to San Francisco, California,
to Fort Eustis, Virginia, via the Panama Canal. Further confirmation was
obtained from operations in the Hampton Roads and Chesapeake Bay area,
and from a voyage to France. Beaching tests were conducted at Little
Creek, Virginia, and the off-shore operation was conducted at Fort Story,
Virginia, Marriage tests with the ""USNS Comet'" were undertaken in the
Chesapeake Bay and off the Virginia Capes. Discharge of the Comet was
accomplished in a NODEX operation off the coast of France. Standardization
tests with both the sinusoidal and Rotor "A' linkage were conducted by per-
sonnel of the David Taylor Model Basin on the course at Kent Island,
Maryland. Model Basin personnel also conducted a vibration test in Panama
and made a model flow study in their circulating water channel.
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The vessel was found to be very maneuverable, and its behavior at sea was
found to be good, Its bow has a tendency to 'fall off'!, and large thrust
angles are required to maintain course. The vessel can be beached and
readily retracted without the use of a stern anchor. Marriage with a roll-
on/roll-off vessel and transfer of vehicles was proven feasible; however,
the operation is limited to relatively smooth water, Because of the forward
landing draft, a dry ramp is obtainable only on steep beaches.

The vibration in the shaft alley and propeller room bulkheads was found to
be propeller excited. Vibration amplitudes were found to increase with
pitch settings and rpm, and were larger with the sinusoidal propeller linkage
than with the Rotor "A' type. The sinusoidal linkage overloaded the engines
at full pitch, With the Rotor "A'" linkage, full power of the engines was not
absorbed by the propellers, and an increase in speed of approximately 1/2
knot was obtained. Difficulty in control was encountered with the Rotor "A"
linkage, Also, a control stick oscillation, occurring once per revolution,
was prevalent with the Rotor '"A" linkage. The source of this oscillation
could not be determined, and the Rotor '"A'" linkage was replaced with the
original sinusoidal linkage,

It was concluded that the vessel fulfills the major requirements of the

military characteristics and that it should be type classified as Standard
AI

CONCLUSIONS

It is concluded that:

1. The Lighter, Beach Discharge, Deck Cargo, Diesel, Steel, 300-
Foot, Design 5002 (BDL-1X), meets the required military charac-
teristics with the following exceptions:

a, The lighter has a cargo capacity of 600 long tons with a landing
draft of 4 feet forward and 10 feet aft, in lieu of a cargo capac-
ity of 600 long tons for any landing condition without draft
limitation.

b. The lighter has a cruising speed of 8-1/2 knots and a trial
speed of 9-1/2 knots with 600 long tons of cargo, in lieu of
14 knots for 600 long tons of cargo.

¢. The lighter was not tested under the temperature extremes
specified. Living conditions, however, were found to be
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uncomfortable in high temperatures encountered in both the
temperate and tropical zones.

The lighter is highly maneuverable and capable of operation in con-
gested areas without the aid of other vessels,

The lighter is capable of integration with ocean-type roll-on/roll-off
vessels when weather conditions are such that the relative vertical

motion between the two vessels is less than 4 feet.

When beaching under the minimum draft conditions, a dry ramp can-
not be obtained, and vehicles must ford 4 feet of water.

RECOMMENDATIONS

These recommendations are made as suggestions for the development of an
improved vessel, and many will be neither applicable nor feasible for the
existing vessel. In view of this, it is recommended that:

The lighter be designed to have a landing draft, with 600 long tons
of cargo, of 4 feet forward and 10 feet aft, and a beach gradient of

1 to 50.

The lighter be designed for a speed, at landing draft, of 12 knots at
85 percent of full power.

Ventilation in the living spaces be improved.

The steering ratio be increased to approximately 10 to 1 in order to
provide better control at small thrust angles.

The after steering station be deleted and a portable conning station
be substituted.

An after steering and control station be provided in the propeller
room.

An emergency manual control for both pitch and thrust angles be
provided in the propeller room.

A bow thruster be installed in the bow to prevent the bow from
"falling off'" and to afford better control when docking and operating
in congested areas.
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11,

12,

13,

14,

15.

16.

17'

18.

19,

20.

21,

22.

23,

A steadying skeg be installed to improve course-keeping qualities.
The bulwarks be deleted and the hull depth be increased 1 foot.

The bulkheads of the shaft alleys and propeller room be made
heavier and stiffened such that their natural frequency does not
correspond to the propeller blade frequencies.

The propeller foundations be extended beyond the after end of the
skeg, and the discontinuities in the hull structure be minimized to
the greatest extent practicable.

The ballast system be capable of trimming the vessel at the rate of
1-1/2 inches per minute when ballasting from the sea with the
vessel loaded with 600 tons of cargo at landing draft.

The main deck manhole covers and bolts be recessed such that they
will not be damaged by tracked vehicles.

The thickness of the end of the ramp be reduced so as to offer less
of an obstacle to wheeled vehicles.

The fenders be extended forward in way of the forecastle flare to
prevent damage when docking.

The after corners of the forecastle deck be rounded at the sheer to
prevent damage when coming alongside other vessels,

An indicator to show the ram position be provided, if the retractor
ram is to be used.

The vessel be equipped with heavy anchors of the stockless type.
Provisions be made for securing the warping lines further forward
80 as to permit marriage of the beach discharge lighter and the roll-

on/roll-off vessel when the relative vertical motion is 6 feet.

The vertical clearance in the ramp tunnel be increased to 15 feet
6 inches.

Internal draft gages be provided in order that draft and trim can be
readily determined when ballasting.

Maintenance facilities be provided in consonance with the mainte-
nance concept.
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26.

27.

28.

29.

30.

31,

32.

33,

34,

35.

36.

37.

A stowage room be provided for spare parts so that it will not be
necessary to stow them in metal boxes.

A suitable access hatch be provided for shipping and unshipping
machinery.

Nonstructural tanks, fitted with heaters, be provided for propeller
lubricating and hydraulic oil.

The chocks and bitts on the forecastle be arranged such that all head
mooring lines can be handled from one level.

The instruments in the pilot house be grouped and located such that
they can be readily read by all personnel on watch, and lighted such
that they can be seen at night without affecting visibility from the
pilot house.

The pitch controls for both of the propellers be consolidated in a
single unit, and a control station be provided on each side of the
pilot house,

Inclined ladders be provided from the main deck to the forecastle
deck.

Combined helm-angle and thrust-angle indicators be provided in the
pilot house for both of the propellers.

Stowage for spare propeller blades be provided in-the shaft alleys,
and a suitable lifting gear and monorail system be installed for the
movement of blades from the stowage racks and installation in the
propellers,

The design head for all ballast and fuel tanks be 5 feet above the
main deck.

The primary reduction gears be eliminated, and the full reduction
from engine rpm to propeller rpm be made in the propellers.

The hydraulic couplings for the main engines be eliminated.

General alarm bells, which would be audible above the machine
noise, be installed in the machinery spaces.

Speakers for the general announcing system located in the machinery
spaces have sufficient volume to be audible above the machinery
noise.
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39.

40.

41,

42,

43,

44,

45.

46.

47.

48.

49'

50.

51.

52.

The source of power for preheating the emergency generator engine
be obtained from the emergency generator storage batteries,

Condensate and fresh water lines be located outside of the ballast
tanks.

All surfaces of the weather decks (shell, etc.) which are exposed
to living spaces be insulated, including the webs and flanges of
beams, girders, frames, and stiffeners.

Side lights be located at the bridge deck level and be screened so
that they cannot be seen across the bow.

The vents on the ballast tanks be sized such that the static and
dynamic heads during overflow cannot exceed the designed head
of the tanks.

A positive lock be provided for securing the retractor ram in the
*up'' position.

The heating system be designed to fulfill the requirements of the
lower temperature established by the military characteristics.

Independent overboard discharges be provided for the distiller and
refrigeration condensers.

All lubrication systems be fitted with low-pressure alarms.
A fuel oil transfer system be provided.

Consideration be given to the installation of the minimum and most
economical gyro system required for the primary mission of the
vessel,

Ramp chains be secured to the ramp such that there is no projection
below the bottom of the ramp.

A ramp gasket be designed such that the entire gasket is in the
same plane.

A method for lubricating the ramp hinges be provided.

Bitts be provided in the ramp tunnel for mooring small craft to the
ramp.




53.

54,

55.

56.

57.

Insect screens be provided for all weather openings.

Al] extensions of the sides above the main deck have tumble home
to prevent damage when alongside other vessels.

The outboard sea chest be eliminated and a single sea chest of
the free-surface vented type be provided.

Consideration be given to the utilization and adaptability of the
vessel to other missions during peacetime,

The area provided for truck drivers be fitted with portable berthing

for peacetime use,




|

BACKGROUND

The present and future support of military operations requires the use of
large quantities and varieties of vehicular and mobile equipment. For this
reason, and because of the increased capability of the roll-on/roll-off ocean
transport, a more expeditious type of ship-to-shore transportation than is
found in the existing lighterage available to the U, S. Army Transportation
Corps is necessary.

To fulfill this requirement, it was proposed to develop, construct, and test

a prototype vessel. The design would permit the vessel to have the following
characteristics: large cargo capacity, high speed, facilities for rapid loading
and unloading of all types of mobile equipment, ease of maneuverability,
capability for self-delivery to destination, and ability to operate in shallow
water. The proposed operational use of such a vessel was to incorporate it
into certain heavy boat companies in lieu of the LCU-6 as a lighter for heavy
lifts and vehicles.

The U. S. Army Transportation Board recommended that the U, S, Army
Transportation Research Command (USATRECOM) be directed to initiate a
project for the design and construction of a prototype vessel in accordance
with the proposed physical and military characteristics given in Appendix I.
It was also recommended that the design study include a thorough investiga-
tion of the power steering mechanism, and that consideration be given to the
use of cycloidal propulsion. At the 78th meeting of the Transportation Corps
Technical Committee (TCTC), a development project was initiated and the
military characteristics were established. The characteristics for the
vessel and the authority for Project 9R57-02-018-01 are given in Appendix
II.

In order to ascertain the practicability of a vessel of the type required, ex-
tensive model testing was carried out by USATRECOM on a 25-foot model
(Figure 1). The Stevens Institute of Technology, Hoboken, New Jersey,
under the auspices of USATRECOM, conducted tests on a smaller model in
their Experimental Towing Tank. The model tests made it evident that a
suitable vessel was feasible.




Figure 1. Testing the 25-Foot Model.

The concept of a stern-beaching vessel of the same type as was model tested
was discussed with the Bureau of Ships, Department of the Navy. As a result
of this discussion, the Bureau of Ships proposed a plan for a stern-beaching
vessel, propelled by two vertical-axis propellers located in the forward part
of the vessel. After the Bureau of Ships proposal was reviewed, a third con-
cept was developed by USATRECOM of a bow-beaching vessel which would be
propelled and steered by two vertical-axis propellers located in the after
part of the vessel.

Sufficient information was now available to enter into a design contract.
USATRECOM contracted with the Bethlehem Steel Company, Shipbuilding
Division, to review the proposed concepts and develop a preliminary design.
The concept of a bow-beaching vessel which would be propelled and steered
by two vertical-axis propellers located in the after part of the vessel was
accepted, and the preparation of contract plans and specifications was under-
taken.

While the vessel was under construction, extensive model tests of propulsion
systems were conducted by personnel of the David Taylor Model Basin,
Washington, D. C., under the auspices of USATRECOM. Tests were made
with both the sinusoidal and Rotor ""A' blade motion propulsion systems.




Preliminary studies conducted by the Bethlehem Steel Company indicated
that at landing displacement a trial speed of 14 knots could be attained with
2,580 horsepower. Test results from the vertical-axis propellers installed
in the USAV LTI-2194 indicated this to be within the realm of feasibility
(Reference 7). However, self-propelled model tests at the David Taylor
Model Basin indicated that a speed of 14 knots at landing displacement would
require 4,575 horespower with the sinusoidal linkage and 4,050 horsepower
with the Rotor "A' linkage. To obtain propellers in the power range indi-
cated by the model tests would require the development of units larger than
previously undertaken. It was felt that the new propellers should be a further
development of the LTI-2194 type in order to utilize the experience gained
from the use of these propellers, rather than a completely new design. It
became apparent that the propellers were going to be a source of delay in
construction. In an attempt to avoid or minimize this delay, it was decided
to remove the propellers from the LTI-2194 and to install them in the beach
discharge lighter until such time as the new propellers became available.
This limited the initial installation to 2,000 horsepower. Hence, it was
decided to design the new propellers to absorb 1, 100 horsepower each and
to accept the reduction in speed.

The Pacific Car and Foundry Company was awarded a contract by
USATRECOM to evaluate the results obtained with the LTI-2194 propellers,

to study the various configurations of vertical-axis propellers, and to develop
a design concept. As a result of this evaluation and study, the Pacific Car
and Foundry Company was authorized to procecd with the design and construc-
tion of two 1, 100 horsepower joy-stick-type vertical-axis propellers.

The contract plans and specifications were completed in April 1955, and
delivered to the Department of the Navy for construction of the vessel.

After a review of the plans and specifications by the Bureau of Ships, a
construction contract was awarded to the National Steel and Shipbuilding
Corporation in February 1956, The vessel's keel was laid on 7 December
1956, and the vessel was launched and christened '"Lt. Col, John U, D. Page"
on 28 September 1957,

Upon removal of the propellers from the LTI-2194, it was discovered that
the repairs necessary to restore them to a satisfactory operating condition
would require approximately the same amount of time as to complete the

new propellers. Since little could be gained from installing the LTI-2194
propellers, it was decided to use the new propellers in the initial installation,

The new propellers were delivered to the National Steel and Shipbuilding
Corporation in April 1958, The vessel was accepted from the contractor
by the Bureau of Ships in November 1958, Upon acceptance of the vessel by
the Bureau of Ships, it was delivered to USATRECOM. Engineering tests
started with the acceptance trials and were completed in July 1959,
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The vessel's behavior at sea and operational characteristics in congested
harbors were determined on its voyage from San Diego to San Francisco,
California, to Fort Eustis, Virginia., Further confirmation was obtained
from operations in the Hampton Roads and Chesapeake Bay area, and from

a voyage to France. Beaching tests were conducted at Little Creek, Virginia,
and the off-shore operation was conducted at Fort Story, Virginia. Marriage
tests with the "USNS Comet" were undertaken in the Chesapeake Bay and off
the Virginia Capes. Discharge of the Comet was accomplished in a NODEX
operation off the coast of France. Standardization tests with both the
sinusoidal and Rotor "A' linkage were conducted by personnel of the David
Taylor Model Basin on the course at Kent Island, Maryland. Model Basin
personnel also conducted a vibration test in Panama and made a model flow
study in their circulating water channel.

DESCRIPTION OF THE BEACH DISCHARGE LIGHTER (BDL-IX)

The Lighter, Beach Discharge, Deck Cargo, Diesel, Steel, 300-Foot,
Design 5002 (""USAV Lt. Col. John U. D. Page'), is a vessel of all-welded
steel construction having one complete open deck for vehicular storage and
a partial deck for crew accommodations. The open deck has a centrally
located island containing the navigational spaces, radio room, fan rooms,
access to spaces below, and engine exhaust systems. The partial deck,
located within the hull below the main deck, contains berthing and messing
accommodations for the crew and day space for truck drivers. A ramp is
fitted at the bow to permit discharge and loading over the beach. The ramp
forms a section of the bow when closed. Also, a hydraulic ram is fitted in
the bow, below the ramp, to assist in retraction from the beach. This ram
is fitted with a 6-foot-diameter mushroom-type shoe and is capable of
exerting a horizontal force of 128,500 pounds. Portable sections are fitted
in the bulwark to permit both side and stern loading. The principal charac-
teristics of the vessel are given in Table 1. The vessel is shown in Figure 2,

TABLE 1
CHARACTERISTICS OF THE PAGE

Length, overall 338 ft. 0 in,
Length, between perpendiculars 304 ft. 0 in.
Breadth, at main deck, molded 65 ft. 0 in.
Depth, base line to main deck, molded 21 ft. 0 in,
Design drag of keel 1 to 50

11




TABLE 1 - contd.

Draft, landing condition, to bottom of keel:
Forward
Mean
Aft
Draft, ocean condition, to bottom of keel:
Forward
Mean
Aft
Light ship weight
Displacement to landing waterline, molded
Displacement to ocean waterline, molded
Horsepower, maximum continuous rating
Cruising radius

Landing Condition

Deadweights : (tons)
Diesel oil 87
Fresh water 35
Lubricating oil 8
Stores 25
Crew and effects 20
Cargo 600
Ballast -
Total 775
Accommodations

Captain

Chief Engineer

Officers

Crew

Total

4 ft
7 ft
10 ft

71t
10 ft
13 ft
1,548
2, 340
4,126
2,200
5,500

. 0in,
. 01in,
. 0in,

. 8in.
. 8in,
. 8in,
. 8 tons
tons
tons
shp
miles

Ocean Condition
(tons)

324
136
8
45
3

2,045

2,561

B b

The vessel is propelled by two 1, 200-horsepower diesel engines which drive
two vertical-axis propellers., The characteristics of the propeller are given

in Table 2.
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Figure 2. '"USAV Lt. Col. John U. D. Page"
on Her Maiden Voyage.

TABLE 2
CHARACTERISTICS OF THE VERTICAL-AXIS PROPELLER

Orbit diameter 9 ft. 4 in.
Blade length 4 ft. 6 in.
Number of blades 6
Pitch:

From 19 ft. 1 in. ahead

To 19 ft. 1 in. astern
Steering angle:

Forward 90°R to 90°L

Aft 90°R to 90°L
Maximum propeller rpm 76
Maximum propeller input shaft rpm 320
Propeller bevel gear ratio 6.923:1
Steering and pitch control Hydraulic
Direction of rotation Outboard

13




A constant-tensioning device is installed in the after part of the vessel. This
device consists of a hydraulic power unit, two tensioning units, and a control
stand.

The hydraulic power unit is located in the propeller room and is made up of
a bedplate which incorporates a 150-gallon oil reservoir. Mounted on top of
the bedplate is a 20-horsepower, 1,200-rpm electric motor with dual shaft
extensions driving a high-pressure pump, a low-pressure pump, and a servo
pump. The high-pressure pump is a radial piston type which has a normal
capacity of 15 gpm at 3,500 psi, The low-pressure pump is of the vane type
and has a normal capacity rating of 57.5 gpm at 500 psi; the servo pump is a
gear type with a normal capacity of 3,2 gpm at 300 psi. The oil supply for
all of the pumps is taken from the reservoir. In addition, a heat exchanger
and a compensator valve, which controls the stroke of the high-pressure
pump, are provided.

The two tensioning units installed on the main deck consist of 8-inch-diameter
cylinders with 72-inch strokes cushioned at both ends. The cylinders are
mounted on bedplates which are extended to provide sliding tracks for the
hook mechanisms. The hook mechanisms are connected to piston rods and
are provided with quick-release features.

The control stand is located at the after steering station. It consists of a
four-way, through-position, control-valve lever, operated with detents to

maintain the selected position.

The characteristics of the tensioning device are given in Table 3.

TABLE 3
CHARACTERISTICS OF THE CONSTANT-TENSIONING DEVICE
Load per Approximate Pressure

Operation Cable (lb.) Speed (rpm) (psi)
Taking up slack 0 - 15,000 15 max. 500
Applying tension 15,000 - 120,000 0-2.5 max. 3,000
Maintaining

tension 120, 000 0 3,000
Overhaul controlled

by compensator 120, 000 - 150,000 0-5 3,000 - 3,500
Overhaul controlled

by flow control

valves 150, 000 15 3,500
Overhaul violent ,

surges 150, 000 over 15 3,500

14




TEST PROCEDURES AND RESULTS

DETERMINATION ONE, Power Capabilities of Propellers Fitted With
Sinusoidal and Rotor "A'' Propeller Blade Linkage

Procedure

The personnel of the David Taylor Model Basin conducted self-propelled
model tests with the sinusoidal linkage at 2, 340-ton displacement and with
the Rotor "A'" linkage at 2, 340- and 4, 126-ton displacements. Tests with
the sinusoidal linkage were conducted at 0. 65n and 0.58r pitch. Tests with
the Rotor "A' linkage at 2, 340-ton displacement were conducted at 3. 15-
inch, 2.7-inch, and 2.2-inch eccentricities, At the 4, 126-ton displacement,
the test was conducted at a 3, 15-inch eccentricity only. Shaft horsepower
(shp) and rpm were plotted for all tests. Effective horsepower (ehp) from a
previous test was obtained for each displacement. The speed of the advance

h
coefficients (ja) and :—h-s were determined and plotted.
Results

Results of the self-propelled model test are shown in Figures 3 through 6.

DETERMINATION TWO. Acceptability of Vessel

Preliminary acceptance trials were conducted by the National Steel and
Shipbuilding Company under the supervision of the U, S, Navy Supervisor

of Shipbuilding and the Inspector of Naval Ordnance, Long Beach, California.
The trials were witnessed by a trial board, appointed by the Bureau of Ships,
Department of the Navy. The acceptance trials consisted of the following
tests: standardization under ocean and landing conditions, maneuvering and
gpecial tests, endurance and economy tests, ahead steering test, crash stop
test, anchor test, beaching test, and after steering station and emergency
steering test.

Procedure - Standardization Under Ocean and Landing Conditions

Standardization trials were conducted on the course off La Jolla, California,
and consisted of 1C runs over the course at both ocean and landing conditions.
Runs were made in each direction at approximately 600, 1,000, 1,400, and
1, 800 horsepower, and at full power. During the runs, the main engines

and propellers were operated with automatic control of pitch. The steering

15
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was controlled from the bridge. Horsepower and shaft rpm were obtained
from David Taylor Model Basin torsionmeters, operated by Model Basin
personnel. All other data were taken by personnel from the National Steel
and Shipbuilding Corporation. The conditions at the time of the trials were as
given in Table 4,

TABLE 4
CONDITIONS DURING ACCEPTANCE TRIALS
Ocean Landing
Condition Condition
Draft:
Forward 13 ft, 3 in, 10 £t. 1 in.
Amidships 13 ft. 4 in, 10 ft. 1/2 in,
Aft 13 ft. 5 in, 10 ft. 2 in,
Water density 1.021 1.021
Displacement (long tons) 3,957 2, 340
Sea condition Moderate Calm
Wind (k.) SW 15 SSW 10
Current To North To North
Sea water temperature (OF) 70 70
Depth of water ({ath.) 75 75
Results

The data obtained are summarized in Tables 5 and 6 and plotted in Figure 7.

TABLE 5
ACCEPTANCE TRIALS: STANDARDIZATION UNDER OCEAN CONDITION
Propeller RPM SHP Speed 1 Pitch Thrust Angle
Run __ Dir, Port Stbd. Avg.  Port  Stbd. Total  (k.} Setting Port Stbd.
1 N 47.38 46.22 46.80 218.6 243.9 462.5 5.75 0.580 5.0°R5,0°R
2 S 47.52 46.08 46.80 223,1 246.6 469.7 4.92 0.580 5.0°R5.5°R
Average - - - 46. 80 - - 466.1 5.3¢4 0.560 = 5
3 N 58.64 57.49 58,06 476.2 502.7 978.9 6.96 0.580 5.0°R 8.0°R
4 S 58.64 57.20 57.92 471,0 493.0 964.0 6.37 0.580 5.0°R0.0°
Average - - - 57.99 - 5 971.4 6.66 0.580 - -
5 N 67.89 66.30 67.09 760.0 685.8 ]1445.8 7.83 0.580 5.0°R 0.0°
6 S 66,81 66.30 66.55 754.0 703.7 1457.7 17.27 0.580 5.0°R 0.0°
Average - . - 66.82 o O 1451.7 7.55 0.580 O o
7 N 74.68 76.27 175.47 980.0 1007.8 1987.8 8.28 0.570 5,0°R 5.0°R
8 S 74.39 76.27 175.33 988.0 1002.6 1990.6 7.88 0.570 5.0°R 5.0'R
Average - - - 75.40 O - 1989.2 8.08 0.570 S o
9 N 76.70 75.83 76.26 1007.1 1084.2 2091.3 8.65 0.570 5,0°R 5.0°R
10 S 76.70 175.83 76.26 1053,1 1083.4 2136.5 8.13 0.560 5.0°R 5.0°R
Average - - - 76. 26 a 0 2113.9 8.39 0.565 - -
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TABLE 6
ACCEPTANCE TRIALS: STANDARDIZATION UNDER LANDING CONDITION
e e B, O e e
Propeller RPM SHP Speed nPitch Thrust Angle
Run _ Dir, Port Stbd. Avg.  Port Stbd.  Total (k.) Setting Port Stbd,
1 N 50.70 47.38 49.04 265.9 267.9 533.8 7.10 0.560 5.6°R 5.0°L
2 S 48.25 47.38 47.81 258.7 275.5 534.2 6.62 0.580 5.6°R 2.0°'L
Average - - - 48.42 o o 534,0 6.86 0.570 o 5
3 N 58.21 56.77 57.49 470.6 402.3 872.9 8.28 0.580 5.6°R 4.0°L
4 S 59.80 56,62 58.21 517.6 481.7 999.3 8.13 0.580 5.6°R 2.0°L
Average - - - 57.85 . - 936.1 8.20 0.580 o -
5 N 65.87 66.60 66.23 694.4 746.6 1441.0 9.18 0.580 5.6°R 3.0°R
6 S 67.17 66.45 66.80 738.5 734.5 1473.0 9.07 0.580 5.6°R 4.0°L
Average - - - 66.51 S - 1457.0 9.12 0.580 - o
7 N 71.93 71.93 71.93 895.7 874.6 1770.3 9.68 0.570 5.6°R 4.0°L
8 S 70.49 71.65 71.07 848.4 864.3 1712.7 9.28 0.570 S5.7°R 0.0°
Average - - = 71.50 - - 1741.5 9.48 0.570 O o
9 N 76.70 75.55 76.12 1100.4 1114,]1 2214.5 10.23 0.570 5.7°R 0.0°
10 S 76.70 175.55 76.12 1098.9 1110.3 2209.2 10.20 0.560 5.6°R 0.0°
Average - - . 76. 12 o o 2211.8 10.21 0.565 - 3
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Figure 7. Standardization Under Ocean
and Landing Conditions.
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Procedure - Maneuvering and Special Tests

The maneuvering and special tests consisted of circle tests and sideways
control tests. In conducting the circle tests, the vessel was maneuvered
such that it made a series of circles at different speeds and thrust angles.
For each circle the vessel was steadied on course at the designated ahead
speed, and on command the designated thrust angle was applied and held
until the vessel had traversed a complete circle. All of the circles were
made to the right except three, which were made to the left at 45-degree N
thrust angles. Left turns were also made at each engine speed used for the

right turns. Turns were also made with one engine thrust directed ahead

and the other astern. Duplicate series were run with the vessel in both the S
ocean and landing conditions.

The sideways control test consisted of operating the vessel with one engine

thrust directed ahead and the other astern and adjusting the thrust angles of
both units until the vessel moved laterally through the water without making
way either ahead or astern. This test was conducted only under the landing
condition,

Results

The results of the circle tests are shown in Tables 7 through 9, and the
results of the sideways test are shown in Table 10.

TABLE? TABLE 8
ACCEPTANCE TRIALS: CINCLE TEST, AHEAD, ACCEPTANCE TRIALS: CIRCLE TEST, AHEAD,
UNDER OC EAN CONDI TION
————

Thrust Engine Ahead Time Thrust Engine Ahead Time

Angle  Speed Pitch {min) Angle  Speed Pitch {min)

(deg.) (rpm] Port 5ibd. 90 180 {deg.) (rpm) Port Stbd. 90° j80* 270° 360°
$°R 4% 0.58 058 3.06 6.15 8.51 11.31 SR 450  0.58 0.58 ).21 5.54 B.14 10.46
15°R 450 0.3 0.38 2.12 4.10 611 .18 ISTR 430  0.58 0.58 1.50 3.38 537 1.20
45°R 450 0.58 0.58 135 3,80 4.37 62 45°R 450 0.5 0.58 1.16 2.46 4.40 5.19
90°R 450 0.58 0.%8 1.24 2,37 333 4N 90°R 450 0.57 0.%8 1.26 2.2% 3.10 3,47
5°R 600 0.58 0.60 2.2) 4.14 .22 839 $°R 600 0.58 0.60 2.1 4.12 6.14 8.18
I13°R 600 0.58 0.%7 1.30 3.10 4.%4 6.2) ISR 600  0.58 0,57 1.2} 2.%0 4.15 5.40
43R 600 0,57 0.55 1.80 2.17 331 4.% 45°R 600 0.57 0.5%5 0.59 2.40 3.30 4.00
90°R 600 0.5 0.5% 1.1} 2.12 304 3. 48 90°R 600 0.% 0.5 1.50 .83 2.28 2.%2
$°R 750 0.57 0.55 1.55 3.29 5.60 6.4¢ 5°R 7% 0.57 0.55 1.3 3.36 5,32 71.27
15°R 7% 0.58 0.5% 1,20 2.3} 353 8.2 18°R 7% 0.50 0,51 1.70 2,2% 3,39 5.00
43R 780 0.57 0.5 0% 2.10 3,12 4.10 45°R 750 0.57 0,50 0.54 1.51 2,43 3. W
90°R 75 0.%%5 0.%% 0.58 .46 2.21 2.%9 90°R 7% 0.5%5 0.55 0.54¢ 1.3 2.05 2.3
$°R 850 0.%7 0.%% 1.5 351 5.3 1.19 5°R 850 0.87 0.5% 1.29 2.49 4.16 5.3
15°R 850 0.57 0.81 1.12 2.2l 3.3} 4.%8 ISR 830  0.57 0,51 1.10 2,18 3.23 4.3
43°R 050 0.5 0.51 0.54 1.49 2,53 348 45°R 050 0.% 0.51 0.51 1.43 2.31 3.19
90°R 850 0.56 0.%% 0.51 1.42 219 231 90°R 850 0.5 0.5% 0.48 ).27 152 2.1
“L 450 0.%7 0.%8 1.30 3.20 5.1t 6.41 45°L 450  0.57 0.59 1.3 3.10 4.2%5 5.%
5L 600 0.5% 0.39 1,80 2,25 3.1 8.3 oL 600 0.55 0.60 1.11 2,13 3.1% 4.1%
45°L 850 56 0.56 0.5 2.20 3.16 . 48°L 850 0.5 0.8 0.49 .50 2.42 3. M
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TABLE 9

ACCEPTANCE TRIALS: CIRCLE TEST,

STARBOARD THRUST AHEAD, PORT THRUST ASTERN
Thrust Engine Time
Angle Speed Pitch (min)

Port Stbd. (rpm) Port Stbd. 180° 360°
Ocean Condition
0 0 325 0.43 0.45 * -
45°L 45°L 325 0.43 0.45 *x -
0 0 600 0.53 0.57 8.40 9.29
45°L 45°L 600 0.52 0.58 6.18 7.26
0 0 850 0.55 0.55 3.29 6.30
45°L 45°L 850 0.55 0.53 3,30 5.34
Landing Condition
0 0 325 0.40 0.40 13.25 17.32
45°L 45°L 325 0.40 0.40 8.22 14.47
0 0 600 0.53 0.60 4.90 6.35
45°L 45°L 600 0.53 0.60 4.17 6.14
0 0 850 0.55 0.55 3,21 5.14
45°L 45°L, 850  0.53 0.58 2.54 4.3l

* Vessel turned 90° only.
*%* Vegsel turned into wind only.

TABLE 10

ACCEPTANCE TRIALS: SIDEWAYS CONTROL
TEST UNDER LANDING CONDITION

Engine Operation Thrust Vessel

Port Stbd. Pitch Angle Movement
RPM Dir. RPM Dir. Port Stbd. Port Stbd.  (dir.)
560 Ahead 630 Astern 0.59 0.59 26°L 37°R To Stbd.
720 Ahead 720 Astern 0,54 0,50 32°L 37°R To Stbd.
800 Ahead 800 Astern 0.57 0.52 32°L 36°R To Stbd.
800 Astern 800 Ahead 0.56 0.50 30°L 24°R To Port
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Procedure - Endurance and Economy Test

The vessel was operated at full power ahead for a period of 4 consecutive
hours. During the test, the operation of all the machinery was observed.
Pressures and temperatures were recorded; horsepower and rpm were de-
termined with David Taylor Model Basin torsionmeters. The fuel used by
the main engines was metered. The firing pressures on all the cylinders of
both main engines were taken. Upon completion of the 4-hour ahead test, a

15-minute full-power astern run was made. The endurance and economy
tests were made under the ocean condition only.

Results

The rate of fuel consumption is shown in Table 11. The operational condi-

tions for the main propulsion plant, including the horsepower developed, are
shown in Table 12, Water and oil pressures and temperatures are shown in
Tables 13 through 17, and firing pressures in Table 18.

TABLE 11
ENDURANCE AND ECONOMY TET, FUEL CONSUMPTION UNDER OC EAN CONDITION
Ahs
Engine Pitch Fuel Oil¢ -
RPM Settl SHP “Cal, Used Gal. /He, Lb. /Hr. F&&%
Tume _ Port _ Stbd,  Font g 7 il Wy~  “Wori Wed  Fore  dbd.  Port S ort :
0900 840 840 [ ]) 0.5 1163. 6 11423 0 [ 0 0 0 0 0 0
0930 840 840 0.58 0.%% 115¢.0 1142.9 36.90 40.80 73.80 81.60 490.03 $41.82 0.422 0.474
1000 {113 840 0.% 058 112%.2 11618 72.98 70.84 12.98 0.4 434,50 $23.50 0.422 0.4%6
1030 840 840 0.% 0.58 1134.2 1”1 109.00 123,54 12.67 82.% 462.5) 546.87 0.422 0.47)
1100 840 840 0 87 0.50 1.0 1167.2 144.00 i64. 34 12.00 .17 470,08 548.61 0.420 0.471
133 14 540 840 0.58 0.58 110%. 8 1163.3 180.02 202.38 12.01 80.9% 478,18 537.81 0.422 0.46¢
1200 o (11} 0.5 0 %8 1109.8 1147, % 216.92 244.02 2.3 8. M 48014 540. 10 0.425 0.467
1230 840 840 0.58 0.58 109%. 6 1149.3 251.92 M. 71.98 8.3 477.94 540. 3 0.42% 0.467
1300 840 340 0.%¢8 0.58 1109. 4 11470 20882 32b. 46 12,20 8.6} 419. 4} 541,09 0.427 0.469
Astern
760 840 17T, 6 1.2 - - - o
* Fuel Oil:
Weight - 6. 64 pounds per gallon.
Specific gravily - 0. 7969,
Heat value - 19, 423 Btu per pound,
Specific fuel consumption corrected to 19, 350 Btu per pound.
Port - 0,429,
Stbd. - 0.47).
TABLE 12
ENDURANCE AND ECONOMY TEST; HORSEPOWER, RPM UNDEIR OC EAN CONDITION
Engine Shaft Propeller Input ® Pitch Engine Rack
RPM RPM RPM Setting {mm.} SHP
Time Dir, Port Stbd. Port Stbd. Port Sthd. Port Stbd. Port Stdd, Port  Stbd.
0900 Ahoad 840 040 815 s 829 528 0.58 0.56 6.8 6.9 1163.6  1142,8
0930 Ahes’ 840 840 L34 (11} 528 827 0.58 0.58 6.9 7.0 1154.8  1142.9
1000 Ahnad 845 840 ]V ] [ L) 830 528 0.50 0.58 6.9 7.0 1128.2 1161.5%
1030 Ahead 840 “o 81 s 530 828 0.58 0.58 6.9 7.0 NM.2 11751
1100 Ahead 840 840 s 818 530 528 0.57 0.58 6.9 7.0 1118 1167.2
1130 Ahead 840 840 818 (]} ] 530 82% 0.58 0.%8 7.0 1.0 1105.8 1163.)3
1200 Ahead 840 840 818 815 830 2% 0.58 0.58 1.0 1.0 1105.8  1147.)
1230 Ahead 840 o 815 815 830 520 0.58 0.58 1.0 1.0 1095.7  1149.8
1300 Ahead 840 840 (]} s 530 520 0.58 0.50 7.0 1.0 1105.8  1147.1
1415 Astern 160 $40 738 818 511 523 - - - - J177.6  1187.2
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TABLE 13
ENDURANCE AND ECONOMY TEST:
LUBRICATING OIL PRESSURES UNDER OCEAN CONDITION (PSIG

S =
Preseures
Lubricating Oil
Main Engine Hydraulic Coupling Reduction
Pump Stralner Filter Drive Unit Strainer Gear Cooler
Time Out " Ouwt In Out In Dut n Oul In
Port - Ahead
0900 48 37 1 48 L] 14 20 1 7 Y
0930 47 38 2 47 50 12 15 8 4 9
1000 47 37 3 ()] 50 1 15 8 4 9
1030 47 37 3l 47 50 11 15 8 4 8
1100 47 ” 31 47 50 12 16 8 4 8
1130 47 n 31 47 50 12 & 9 5 8
1200 48 37 3N 47 50 12 16 9 5 8
1230 48 31 3l 47 50 12 16 9 5 8
1300 48 3 1] 47 50 13 17 10 5 8
Port - Astern
1415 47 36 30 45 47 15 17 12 7 8
Starboard - Ahead
0900 42 41 41 32 28 11 20 16 10 9
0930 41 41 41 2 28 11 20 15 9 9
1000 41 42 42 2 28 1 19 15 9 9
1030 41 41 41 32 28 10 18 15 8 9
1100 41 42 42 2 28 10 18 14 8 9
1130 41 41 41 32 28 10 i8 14 8 9
1200 41 42 42 32 28 10 19 15 8 9
1230 41 42 42 32 28 10 18 14 8 9
1300 41 42 42 32 28 10 18 14 8 9
Starboard - Astern
1415 41 42 42 32 28 1 20 15 9 9
TABLE 14
ENDURANCE AND ECONOMY TEST: FUEL OIL, COMPRESSED AIR,
AND WATER PRESSURES UNDER OCEAN CONDITION (PSIG)
===
Fresh Salt
Fuel 0il Compressed Air Water Water
Filter _ Control Air Scavenger Pump Pump
Time In Out Pressure {in, H,0) Discharge Discharge
Port - Ahead
0900 42 28 104 3,50 30 5
0930 40 30 102 3.2% 30 5
1000 41 30 103 3.2% 30 5
1030 41 29 104 3.25 30 6
1100 41 29 104 3,25 30 6
1130 41 29 104 3.28 30 6
1200 41 30 104 3.2% 30 6
1230 41 30 104 3,28 30 6
1300 39 30 104 3.28 29 6
Port - Astern
1415 37 26 104 3.25 27 6
Starboard - Ahead
0900 40 30 104 3.28 29 8
0930 40 3l 102 3.25 29 8
1000 39 31 103 3.25 28 8
1030 39 3l 104 3.28 28 8
1100 9 k| 104 .28 28 8
1130 40 3l 104 3.2% 29 8
1200 39 3l 104 3.28 28 8
1230 39 3l 104 3.2% 28 8
1300 40 31 104 3.2% 28 8
Starboard - Astern
1415 40 31 104 3,25 28 8
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TABLE 13
ENDURANCE AND ECONOMY TEST: OIL AND WATER TEMPERATURES UNDER OCEAN CONDITION (*F)
Lubricating OI1 Frosh Water Sea Water
Reduction Lubricating Ol Main Engine “Hydraullc Coupling
Mangngine  _Gear  MainEngine  _ Cooler  Frosh Water Cooler  Lubricaiing Ol Cooler
Tims. To From From o rom To In Out In Out
Port - Ahsad

0900 154 12 14% 146 152 1%0 1] 7% 68 76

0930 154 1n [11] 146 152 150 [1] 7% (1} 16

1000 186 m 160 146 182 150 [1] 76 68 16

1030 156 11 163 146 152 150 68 76 68 76

1100 156 mn 168 146 152 130 68 " 68 ]

(3% 14 186 mn 167 146 152 150 [1] 1 o8 7

1200 186 m 168 146 182 150 68 ™ (1] it L]
F 12% 156 1 170 146 152 1%0 [} /] 68 Kl
y 1300 156 m 170 146 192 1%0 [1] " (1} "
' Port « Astern

1418 15 n 10 146 154 1%0 68 i) ] %

Starboard - Ahead

0900 160 180 13 154 162 142 [1] k) o8 73 -

0930 160 180 198 1%4 162 150 70 76 70 16

1000 160 100 140 154 162 150 70 16 70 16

1030 160 100 143 154 162 150 10 T 70 16

1100 160 180 144 154 162 1%0 10 16 10 76

11 160 180 148 154 162 1%0 T0 16 70 16
E 1200 160 180 146 1%4 162 150 10 76 10 76

12% 160 180 148 154 162 150 10 T 10 76

1300 1o 180 148 154 162 150 70 16 70 %

Starboard - Astern

141% IQ 180 148 154 162 152 10 76 10 76

¥
TABLE 16

ENDURANCE AND ECONOMY TEST: MAIN ENGINE EXHAUST
TEMPERATURES UNDER OCEAN CONDITION (°F)

Cylinder Number ﬁ
Time 1 2 3 4 5 6 Stack
Port - Ahead
0900 820 780 820 800 840 780 770
0930 840 780 820 800 820 780 770
1000 800 760 800 780 810 760 760

1030 800 740 780 780 800 760 755
1100 800 740 800 780 800 760 760
1130 800 760 800 760 800 740 755

1200 780 740 780 740 800 740 745
1230 800 740 780 740 800 740 750

1300 780 740 780 760 800 740 750
Port - Astern
1415 860 820 840 820 860 820 775 =
Starboard - Ahead
0900 780 780 780 820 800 830 770
0930 770 790 780 820 780 820 770 -
1000 780 790 800 820 800 820 765
1030 760 770 780 810 780 810 765
1100 770 770 780 820 800 830 770
1130 760 770 770 810 780 830 770
1200 750 750 760 810 790 820 765
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TABLE 16 - contd,

Cylinder Number
Time 1 2 3 4 5 6 Stack

1230 760 170 770 810 800 820 770
1300 750 770 760 780 800 810 770

Starboard - Astern
1415 760 780 780 810 810 830 770

———— e — S———T——— - S et —— Lt < — S ) ST S———————
—_———

TABLE 17

ENDURANCE AND ECONOMY TEST: MAIN SHAFT BEARING TEMPERATURES UNDER OCEAN CONDITION 1'!‘!

Bearing Location —
Time Frame 3b Frame 37 rrw k1] Frame 39 Frame 40 Frame 41

Port - Ahead
0900 115 11 11% i1l 13 118
0930 120 116 120 116 138 124
1000 124 120 124 120 142 127
1030 126 122 126 122 143 127
1100 127 122 127 122 14 130
1130 127 124 130 126 140 130
1200 129 126 130 126 14 133
1230 130 126 130 126 14 133
1300 130 126 130 127 144 135
Port - Astern
141% 130 126 130 127 144 135
Starboard - Ahead
0900 109 109 109 111 14 126
0930 109 122 112 112 14 126
1000 112 126 116 115 127 129
1030 115 126 118 118 131 131
1100 115 127 118 120 131 136
1130 116 129 118 120 133 136
1200 118 129 122 122 134 136
1230 118 129 122 124 136 136
1300 118 129 122 124 136 136
Starboard - Astern
1415 118 129 122 124 136 136
TABLE 18
ENDURANCE AND ECONOMY TEST: MAIN ENGINE FIRING PR ESSURES

UNDER OCEAN CONDITION (PSIG)

Cylinder
Engine 1 2 3 4 5 6
Port 1050 1105 1110 1090 1130 1105

Stbd. 1125 1120 1120 1090 1110 1090
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Procedure - Ahead Steerin] Test

With the vessel at full-power ahead and steady on course, the direction of
thrust was changed from 0 degrees to 90 degrees right, from 90 degrees

right to 90 degrees left, from 90 degrees left to 90 degrees right, and 90
degrees right to 0 degrees. The number of turns of the steering wheel and the
time required for the propeller to respond were recorded. Upon completion
of this maneuver the vessel was steadied on course. The direction of thrust
was changed from 0 degrees to 90 degrees right and held until the vessel's
heading changed 360 degrees. The vessel was again steadied on course, and
the thrust was changed from 0 degrees to 90 degrees left and held until the
vessel's heading changed 360 degrees. The tests were conducted under the

ocean condition only.

Results

Changing the direction of thrust from amidships (0 degrees) to hard right

(90 degrees) required two revolutions of the steering wheel with a propeller
response of 3 seconds. Changing from 90 degrees right to 90 degrees left
and from 90 degrees left to 90 degrees right each required 5 revolutions of
the steering wheel. In both cases, the propeller response was 6 seconds,
Two revolutions of the steering wheel were required to change from 90 de-
grees right to 0 degrees with a response of 3 seconds. When the direction of
thrust was changed from 0 degrees to 90 degrees and the vessel was per-
mitted to make a complete turn, a turn of 360 degrees to the right was made
in 2 minutes 50 seconds and 360 degrees to the left in 2 minutes 40 seconds.
In both cases, the diameter of the turning circle was about one vessel length.

Procedure - Crash Stop Test

With the vessel ballasted to ocean condition and operating at full-power ahead,
the pitch control was changed from full ahead to full astern. The vessel was
operated at full astern for a period of 15 minutes. The pitch control was
then changed from full astern to full ahead. The test was repeated to verify
the results.

Results
The performance during the crash stops was judged to be exceptional and is

charted in Table 19. However, at full-power astern, with the helm amid-
ships, the vessel would not maintain a steady course.
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TABLE 19
CRASH STOP TEST UNPI.'R OCEAN CONDITION ==
Ahead Astern

No, Event Run ) Run 2 Run 1 Run ¢
) Keach in ship lengths 1-3/4 1-1/3 3/4 3/4
¢ Time from control shift until ship is dead in water )} min. 24 sec. 1 min. 19 sec, 0 min. 52 sec. 0 min. 52 sec.
3 RPM 840 840 830 830
4 SHP 1145 1160 1108 1110
5 Full pitch to zero pitch 0 min. 02 sec. 0 min. 02 sec. 0 min. 02 sec. 0 min. 02 sec.
b Zero pitch to full pitch in opposite direct.on 0 rmun. 06 sec. 0 min, 06 sec. 0 min. 06 sec. 0 min. 06 sec.

Procedure - Anchor Test

With the vessel dead in the water, the starboard anchor was lowered 60
fathoms with the windlass, The anchor was then hoisted to 45 fathoms and
held with the electric brake. The brake was then released and the anchor
was hoisted until it was clear of the water. It was then released and allowed
to run freely for 60 fathoms. During the free run it was stopped at 15-
fathom intervals with the hand brake. The anchor was then housed., The
same procedure was repeated with the port anchor. All measurements were
taken at the water's edge.

Results

The chain ran freely on both anchors, and the anchors housed without diffi-
culty. Both the electric and hand brakes stopped and held the anchors satis-
factorily, The performance of the windlass is shown in Table 20.

TABLE 20
PERFORMANCE OF WINDLASS DURING ANCHOR TEST

Chain Out Hoisting Time Motor Motor Motor Hoisting Speed

___(fath.} {min. ) Temp. (*C) Voltage Amps. Aver. (fom.)
Port Stbd. Port Sthd. Port Stbd, Port Stbd. Port Stbd. Port Stbd.
45 45 0 0 30 10 450 450 21 23 0 0
30 30 2.55 2.50 3l 3 450 450 20 18 23.53 24 o0
15 15 5.45 5.40 31 31 450 450 19 15 33,03 33,33

0 0 8.40 8.30 3l 3] 450 450 19 15 32,04 32.53

Procedure - Beaching Test

The vessel was ballasted to landing displacement and was beached twice at
Coronado, California. Prior to beaching,the engine-cooling water was
shifted to the machinery-cooling water tanks, and the engines were cooled by
the recirculation of the water through these tanks throughout the entire oper-
ation. The vessel was beached at a speed of about 5 knots. After beaching,
the ramp was lowered and raised. The vessel was then retracted by using
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both the engines and the retraction ram. At the time of beaching there was
about a 7-foot surf and the tide was rising. The beach gradient at the loca-
tion of the first beaching was 1 foot in 10 feet, and 1 foot in 33 feet at the
second location. Upon the completion of the beaching test, the ramp was
raised with the emergency hand pump.

Results

During the beaching and retracting operations, it was observed that the ves-
sel had no tendency to broach. It was also noted that the vessel could be
maneuvered as desired at any time during both operations. The vessel was
on the beach for a period of 15 minutes on the first beaching and 25 minutes
on the second. In the first retraction test, the vessel was broken free of the
beach and was afloat in 42 seconds; bot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>